r 



DOCOHENT BESUHB ' . _ A. 
BB 118 213 P^S Oba 133 

JL^OTHOE 'isen, Alice !!• ; And Others 

TITLE • The Facilitation of Class-Inclusion by Use of 

Multiple Comparisons and Two-Class Perceptual 
Displays* 

SPONS AGENCY National Inst . of Mental Health (DHEW) r Bethesda, 

Md. 

REPOET NIMH-HH-19223'. 
POB DATE 12 Apr: 75 

NOTE V 29p*; Paper presented at the biennial meeting of the 

Society for Research in Child Development (Denver, — 
Colorado r April 12, 1975) 

EDES FRICE MF-$0.83 5C-$2.06 Plus Postage . * 

DESCBJPTORS *Classif ication; *Gognitive Development; *Cogaitive 

Processes; *Concept Formation; *Elemen'tary Education; 

Elementary School Students; Logical Thinking; Set 

Theory; Transfer of Training 
IDENTIFIERS *Class Inclusion 

ABSTRACT 

' This paper reports two experiments which examined 
processes involved in children's aj^ility to solve class inclusion, 
problems of the form, "Aife there more A* (subclass) or more A 
(class)?? In the first experiment a total of 216. children in age 
groups 5, 7. and 9 years were placed in three conditions which were 
designed to distinguish p.erforiaanQtf^ on single and double class 
inclusion problems (involving Implicit and explicit partitioning) and 
to examine subsequent transfer of 'experience with the ;d6uble class 
display procedure when the child returned^ to the traditional* 
one-class setting* Findings support th^ position that certain ^ ' 
perceptual contexts are more likely to induce the child to perceive^ 
the 'tlass rather than merely the subclasses. Overall transfer re&ults . 
also showed improvement but gave no sioftif^ant effects for explicit 
compared with implicit partioning a^KJihe double class display. 
Experiment 2 placed into two cX:onditions a total of 120 children in 
age gtoups 5, J and 9 years, each condition comprising three 
consecutijLe. tests designed to test the effect of intervening double 
class problems on Test 2 performance and on Test 3 transfer effects. 
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In the "standard" class-inclusioJ^problem, a child is shown ^ 

a single class of objects which may be pai?titioned into two sub- 
* ■ • ". ' , 

- classes. Consider the array shown in the left side of Figure 1. 

• • » 

Here the class, animals, .is subdivided into D's, dogs, and C^s, 
cats;., and the questicrtf^s asked: "Are there more dogs or more ani- 
-mals?*' The wel]|. known finding /is that children younger than 7 

years typically respond "dogs 'f^ i»e,. , they name the major subclass 

rather than the class, \ 

. ' / ^ 

According to Inhelder & Piaget (1964) , preoperational children 

^' 

fail to solve a class inclusion problem because they are unable to 
compare a subordinate class simultaneously with its super-ordinate 
• • ' class. ^Further, they -are presumed to lack the logical operations 
of addition and subtraction of classes. , - 

' * Other explanations identify either, perceptull or linguistic 

factors as sources of difficulty. Wohlwill (19687^howei3,/ that 
children were more successful when the physical displd^Lsfas absent 
than when it was present and put forth a perceptual hypothes: 
Here rhe child partitions the single-class display into two sub- 
classes^'; the display does not le^nd itself to a perceptual inter- 
pretation of the subclasses as a class (e.g., the dogs. do not 

resemble the ^aats-) • On the linguistic side^ Markmaji (.1973) notes 

.J 

that interpreting-^^he connective "or"- cxclusivelj'---the most common 

^ . 

usage — would reinforce the tendency towards subclass division; and 
she demonstrated that when the class name did not apply, to either^y^ 
of tile subclass members (e/g. , """family" cannot be. used to>describe 
"children"), performance by young children who fail the standard 
question was markedly improved • 

ERIC ^ . . ^ • ■ V . • 



fhe present study builds upon Wohlwill *s J1968) pej?ceptual set 
interpre1;ation and offers a novel method for the* study of the child *s 
understanding of part -whole relations. 

In his Experiment III, Wbhlwill (1968) facilitated performance 
by adding a few objects that were not members of either subclass. 
Presumably, these additional objects allowed the child tp percep- ^ 
tually contrast the class^in question with other 9b j acts. /^e sought 
to enhance this effect by providing another class as a contrast to 
the one being queried. Wohlwill did not, however, include transfer 
tests to single-class problems, and success could have occurred 
through the child treating all objects other than the named subclass 
(A, ) as the najned class (A) . A transfer test -on single-class prob- 
lems does not allow this strategy. 

fin the right-hand side of Figure 1, a two-class display is 0 
shown. Each class may, iri turn, be subdivided into two subclasses. 
One class is animals, the D's are dogs and the C'-s are cats; the 
other class is fruits, the A' s are apples and the O's are Oranges.- 
You can see that one- can perceptually group the elements in the , 
display into two classes as well as ^our subclasses. The double- » 
class display ^allows simultaneous perceptual comparison of classes 
and subclasses. 

In Figure 2, we let these classes be represented, as A an^B, ^ 
the subclasses as Ai and Aj, B], ^2' respectively. Note^that 

the ratio of -the m^r subclass, to the class in A'. is 6:8; in B, it 
is 4:8. Wohlwill's (1968) procedure reduced the ratio of, major 
subclass objects in a similar fashion. and we included this variable 
for systematic study. Ahr & Youniss .(l'970)^a've found thei$ as the 

0 
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map or/minor ratio I's reduced , the solution rate increases . They did ^ 
not reduce th« ratio below 1.00 since the named' subclass iri the ques- 
tion would th^n become a minority perceptually. Under, the perceptual 
hypothesis , the failure to -find a subclass which is larger would 
lead to a perceptual interpretation of the display as a class. 
' Returning to Figure 2 , we can qutel'y the child on comparisons at 



(the level of class and/or su^c^ss both within (which is the tradi- 



tional class-iscJ>usion problem) and between classes. That is, we 
carT^sk which is more, or A? or which is more ^ A^ or B? Note that 
both of these qutjstions entail common logical operations of addition 
of subclasses and comparisons of their outcomes as well as simulta- 
neous comparison of class with subclass. Hence, the use of tt^o class 
displays, multiple partitioning and questioning allows one to^ study 
part-whole comparisons without some of the awkwardnesses of class-^ ' ^ 
inclusioi) problems. vFo^^Jfexample , it makes " sense to ask whether there 
^^re more apjples than more pets; the cla^s-inclusion question, however, 
is ungrammatical given an exclusive* in<terpretation of the "or-" 

connective. ^ . ^ 

We studied sQipe consequences -of > thes'fe ^ideas on children in age 

groups of sl 7,* and 9 years. ' , J ^ ' . 

\ \ . . ■■* 

* In ourlfirst experiment i we contrasted three conditions which 

! are summarizd^ in Atline in Figure 3. In- Figure 3. you can see that' 

. jfor condition 1, the children 'solved 4 single classr- inclusion prob^, 

" ' lems and then wereN^etested on 4 similar and 4 unrelated single 

class-\nclusion problems. This i>- a control condition.* 

^ . / / . 

^ ■ ' In condition 12, Where I 'stands for Implicit -[partitioning and 

2 for double-class context, the first '4 problems occur as in condi- 

tion 1 in a double-class context and in condition E2, when E stands 

I 

^ for Explicit partitioning, the first 4 problems plus all other 

. . ■ . ^ . . t ^ // ■ - . 



comparisons are queried in the double-class context. Both groups ar^ 
. thin transferred to the same set of related and^nrelated class- 
^ *iri*Jiusii 



jion problems in a one class context as Hn condition 1. A rela-- 
t^jd problem is one- involving the same class, though not the exact 
priobl^m previously solved, and an unrelated problem involves a new 
class • 

We tested 216 children in Exp, I; there were 3 age groups X 3 
conditions with 24 children per cell, half of whom were boys and half 
of whom were girls. The children yjere from two schools in the Balti- 
more City and Baltimore County School Districts and represented a 
wide socio-economic and racial distribution. 

Eight different kinds of problems were ysed. Figure U lists 
these as well as their overall relative difficulty for each age 
group. The problem subsets, which subclass or class was mentioned 
S\ firgt, ration, which problems wer^ related and served as specific 
transfer anc^^hich ones were new and served as general transfer were 
completely counterbalanced over the subjects. 

Let us consider the test results first. In testing, double- 
class contexts and the lower (major/minor subclass) 'ratio ^ach faqi- 
, litated performance (F (2,179) = 15,15 and 33,12, respectively, 
p < ."OD* The main results, plotted as the percentage'" Of correct 
answers as a function of age. for the three context conditions and the 
. two ratios are shown in Figure 5, We note, comparing the two figures 
that these factors inte3>acted (F (2,179) = 5,11, p< ,01):when the 

^ major subclass wa^ large i.e. , 6 vs, 2 in the 6:8 ratio , the double- 

K> ./ : 

class contexts were superior^; when th^ sublcasses were equal, i,e,, 

, ^ . ■ r 

• HjgVj^^if in the H:8 ratio overall performance for all groups improved 

afid^t^e, effect of double-class^ context was reduced. Both liain effects 

^ and the interaction are consistent with the interpretation that 

ERJC certain perceptual contexts ape more likely to indu^Je the child to 
— ^ v.. ^_jJJIW 
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perceive the class rither than j-ust the subclasses although the 

*■".■ ■• 

basis for this perception differs. 

In the transfer to single-class problems (the traditional 
class-incli^ion situation), there* was no difference (F (1,179) <1) 
between specific and general transfer, as^^pan be seen in Figure 6. 
This result obviates an interpretation that the children were using 
a perceptual strategy based upon a combination of the minor subclass 
and the unnamed class when both classes were present. 

The overall transfer results are summarized in Figure 7. 
looking at "transfer", we are examining the carryover effect of/ 
experience with our double-class display^ procedure when the child ^ 
returns tcJ the traditional one-Class setting. The average imprpve- 
mentis 13 percent and compares favorably with Woh'lwill's (1968) 
results (10 to 15 percent). Figure 8 shows that thi&' trans fea:^ 
depended on the double-class displays (F (2,179) = 4.29,. p ^< .01) 
and the ratio since the two factors also interacted (F (2,1^79) = 
7.76, p <r '.'^iXv^here was no net transfer effect of having expli- 
citly partitioned all^ classes and subclasses of the double-class 
display, i.e., 12 and E2 showed about the same transfer a. finding „ 
contrary to our expectations since we thought that all possible 
comparisons would promote counting and combining, operations. 

Experiment II used an intervention procedure, and its design 
is summarized in Figure 9. Again we studied 5, 7 and 9 year old 
children in two conditions with the same factors as before. There 

were 2 X 3 X 24 = 120 children in alii 24 per cell. Bqth groups 

f- 

were initially tested on 4 single-class-^inclu^ion^oblems . The 
Children 'in condition 1 were retested on a related set and then 
were tested a third time on 4 related and 4 new p^^oblems , all in 
single class displays. For condition 2 , the ^econf test occurred 



in the° double-class context and all possiba.e class/subclasd compari- 



sons were made. -^Then the • children were tested in a single-class 
context, for specific and general trsijnsfer. 

.^Figure 10 summarizes the main findings for the three tests. 
The double-cl^ss context 'iSnl^roved testing in phase 2 by 4.2% /and^ 
in transfer, phase 3 by 13. -6%, the latter being equivalent t3 the 
finding of Exp . I and Wohlwill ' s E«p . • .III ( 196 8 )7N.i:n the ^nalysis , 
only Age, F (2,120) = 12.66 -, phase, F (2,240) = 18.15j and the 
condition X phase "^interaction, F (2,240) =. S.VO^were? statistically^ 
reliable (p. < .05). All other factors were not signUficai^^ 
.particular analysis excludes jjatio effects which weri reliable ^1 
throughout all three phas^ and did not interact wit^i any other 
-variable), ''Figure 11 shows that there wets no specif^ versus.^^^ 
general >tran^^f0^ diffe2;»ence. ^ ' . 

te/x\ow^turn to an examination of some of the multiple partition 

[ ( » 0 ' , ' tJ 

compavi:Bcms for con€itions E2 of Exp. I and 2 of Exp. II. In 
/ figure 12,^ we have averaged the percent correct for the twd condi- 
tions and- compared the class-inclusion rfesults. The N's per data 
point are 48 children. In effect, As "the major terminer subclass 

ratio decreases, the percent correct increases . These' results 

■ ' . • ' ' 

replicate Ahr 8 Yourfiss (19^0). If the children are using subclass/ 

comparisons to answer class-inclusion questions, then these results ^ 

folldw. In the top curveP, ;the unnamed class is larger arid if it 

is identified with the class named, the child can be correct but 

. for ^'easons other than comparing 'a class with its subclass. In 

VS. B, the ratio is 1.00 and he cannot find a larger .subclass . 

\he most important finding is shown in Figure 13 which contrasts 

class versus subclass comparison resi;tlts within ( A vs. or class- 



inclusion) arid be'tween*(ASr- vs. vB or non class-inclusiOn) classes. 
.The nearly identical results foij vs. A. and A^vs. B sKows that 
class-inclusion is tibt what i^ at issue in part-whole comparisons, 

' * » ' , • . ' * I • ^ * • ' ' 

Rather, one g^ts the same resUlts on comparison of a subclass with 
a class 5 regardless of^ whether or not that class, contains the 
siabclass* However, the same logical .operations are' involved • 

XTI^S^xls' ifV s.Aj^ ^.Ag = > 2 F 8 and A-j^,^^^, and since 8 > 6^, 

A >^i^ Lik^^wise S.= 'Bj^ + - + 8, A^ = 6, since 8 7 6,- 
then B > At . Identical coun"biQg> adding and comparison operators ' 
would h^ve to occup ih feoth conditions ♦ If comparisons are made ^ 

',€t'the subclass level. At will be selected- since it is larger tHan 

"b^ or Bg aiohe^ ' Wh6n the .children err, they st|^^^, not B^ or 
Efg^ Thus these .results aiSe consistent with * the perceptual hypothesi 

^ Witnin-subclass and between ^'claiss comparisons are summarized 
in figure 14. Again ratio effects are observed since A^^ v£. 
is* better, than B- vs. BA# However, the poor performance of. B^ vs • 
° and. thev worfee performance of A vs. B results from the "fact that 

^he^e^re equalities' and there is a conflict between^the combining 
of classes and the ^inequali'tY called for in the question.. .We note 
that while i^Jthe ^^B^ ,Vs. B^ question, the children were random in 
their Answers wJiereas in A vs. they gave A as the answer presu- 
mabiy beoause. Xv^ the largest subclass. ^The age results were 
61, 58, and At7'V^^cent A answers respectively. Thus older* children 
are able, \o sotie slight degree overcome the conflict and Say that 
the classes are equal when asked which is mcire? However, they 
also, to "a very large extent fall back on a perceptual subclass 
reply when they' don't .answer "equal". . 
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We lne^y, at .this point,' suggest a ge^ieral process description 
of what occurs in class-inclusion problems. Given the q^uestion, 
"Are there more or more A?" and a perceptual context of. only 
Aj^jand Ag (the traditional single-class-inclusion context), we 
begin by assuming that the child, as listener, has to figure out 
what the. speaker means by the question. Th6 perceptual subclass, 
A^, is coded as A^ since that is stated in the question, The _. 
other subclass is coded as A since "or" may be correctly interpreted" 
exclusively. Then, the quantities of A^ and A (actually Aj) are 
determined. This can occur by counting, area, length or density. 
It does not matter whidfT^since" all operations lead to the output 
A, y A. Consequently, from the adult's point of view,, the * child 
has failed 'to read his intentions properly. and is "incorrect." 

Hqwever, if the.laliel A cannot be applied to Ag (as in Markman's 
1973 study), then the child might well employ a ^doun ting operator 
• (cf. Klahr 6 Wallace, 1972) and make a prqper x2omparison of A > A^. . 
Likev/ise^ if the. subclass -quantities are- equal , as in our and 
Bj, the child caniot find a large?- Subclass and is forced to re- 
interpret the label for the class in terms of both subclasses'. 
^Having done so, he can employ countin'g operations and combine the 
subclasses sO that B > B^. Finally ^pnterpristation of A^ . and A^ 
as A is facilitated if A^ and Ag are perceptually contrasted with 

othtpr objects, here another class and in Wohlwill's (1968) 
\/* . ■ , ' ' ' - ' ■ 

■^Stxidy, simply other -objects . If the subclasses are so interpreted 

and cod.ed, proper ^ counting operations" yield the desired result. 
"* . * ' ° ■ 

Language, then, when viewed as communication-, is shown to 

b^ highly context dependent foic children and the interaction of 



« * ■ 

language and perception in class-inclusion contexts leads to a 
misinterpretatipn of the question and a subsequent failure to 
employ the correct operations. . ' 
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^ ^ ^ Figure Captions 

- ■■■ , ■ • ... ■ ■ ■•. ■■- ^ • 

I'igure, 1. Examples of single and double class displays. 

. . p=Dbgi C=Cat/ A=ApplG and b=rOrange^ . ' 

Figure The structure of a two class cpntext* 'A/and B % 

"^re classes; A? and Br are subclasses ; 2V 4^;and, 6 

arq the*^nuinber of members per subclass. 

Figur6 Outline of Experiment ' - 

, • I refers ta Implicit partifxpTning; " 

-* . . ■ ' " * ■ " ' * ' - .... ■ . - ■ ' ' ' 

E refers to Explicit partitioning? ^ 

^ - / i and 2 are f or sfingle- and double-ciass / 

pigure 4. Percentage of Correct Answers f each ^bncept for^ 

each \^^e group^^Ta^^eraged t>ver all qonditions and 

experiments i The ycbhcepts^ are ordered in difficulty 

for the ^^year-aad children OQ the^ abscissa. 

Figure 5. Double Class arM Ratio Effects in the "first test 

/ . r phase Experimen^^^ . " : 

Figure 6* ,^p(edific and general' transfer resultSf Experiment X* 

-Eigure .7 . Single-- and doubler-class; transf er' results^ Experi- 



ment I* ' / ' ' 



Figure 8. ' Double Cla'ss an.d "Ratio Effects in transfer^ .ExT>eri- 
■ • / - ^ meht 1. ■- ••> ■ ■ ' ' , /• • .* ■ * 

Figure 10. Group Results for all th!cee phases o£ Experimental .< 



Figure .11. Specific and general transfer results in Experiment II, 
Pdgure 12. Within class ^ class versus subclass comparisons in 

double-class contexts. The data are from Groups E2 . 
of Exp.. I and 2 of Exp. II. 
^ Figure 13 • Class versus subplass comparisons in two-^lass 

contexts . «^ . 

« Figure 14 . Within class and equality effects in tvro-class 
contexts^ * ' , 
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